The initial stages of the Legume-Rhizobia symbiosis involve a molecular dialogue between the two partners. The plant excretes flavonoids or other secondary metabolites which induce the bacterial genes essential for nodulation (the nod genes). The proteins encoded by these genes then lead to the biosynthesis of lipo-chitooligosaccharidic signals (the Nod factors) which mediate the specific recognition between the two symbiotic partners. Purified Nod factors are able to elicit, at nano-pico molar concentrations the depolarization of root hair membranes, the deformation of root hairs, the division of cortical cells, the activation of specific plant genes, and in certain species the induction of nodules (for reviews see Mylona et al. 1995; Dénarié et al. 1996) . Studies using bacterial and plant mutants as well as purified Nod factors suggest that Nod factors may be perceived by specific and possibly multiple receptor mechanisms (Ardourel et al. 1994; Mylona et al. 1995) , that remain to be elucidated.
Recently, using a tritiated form of the major Nod factor produced by Rhizobium meliloti, NodRm-IV(Ac,S,C16:2), a specific binding site called Nod factor binding site 1 (NFBS1) has been identified and characterized in a particulate fraction of Medicago root extracts . The affinity of NFBS1 for NodRm factors, (K d = 86 nM), is, however, low in comparison to the concentrations at which these molecules elicit biological responses (down to 10 -13 M). In this paper we describe the use of a 35 S-NodRm-IV(Ac,S,C16:2) factor, radiolabeled to a high specific activity (800 Ci/mmol), (Bourdineaud et al. 1995) to search for high affinity NodRm factor binding sites in Medicago varia cell suspension cultures. Cell cultures were used for this work because of their dedifferentiated state, in which many genes are expressed, but also because large amounts of relatively homogeneous material can be produced easily. Cell suspension cultures have additionally been used in other systems to study the perception of microbial signals by plants. Using this simplified experimental model, binding sites have been identified for the Phytophthora megasperma oligopeptide elicitor in parsley cells (Nürnberger et al. 1994 ) and for a yeast glycopeptide elicitor 2) binding to the microsomal fraction of Medicago cell culture extracts. Association was measured at 0.5 nM 35 S-NodRm-IV(Ac,S,C16:2) using 48 µg of protein in a total volume of 200 µl. Dissociation was initiated using 1 µM purified, unlabeled NodRm-IV(Ac,S,C16:2). Black squares represent total binding, during the association experiment, black lozenges total binding during the dissociation experiment and black circles non-specific binding.
and a chitin oligomer elicitor in tomato cells (Basse et al. 1993; Baureithel et al. 1994) . The report that Nod factors can stimulate progression of M. sativa cell suspension cultures through the cell cycle and induce gene expression (Savouré et al. 1994) , suggests in addition that NodRm factors are perceived by Medicago cells in culture.
Extracts from M. varia cell suspensions in the stationary phase were prepared and fractionated using differential centrifugations according to Bono et al. (1995) and binding assays were then performed with the 35 S-labeled NodRm factor. As shown in Table 1 , binding activity was found in all three fractions assayed, but 65% of the overall activity was concentrated in the 100,000 × g fraction (the microsomal fraction). Further characterization of the binding activity was thus performed using this microsomal fraction. Binding of the radiolabeled NodRm factor to the microsomal fraction proceeded in a time dependent manner (Fig. 1) . Half maximal binding was already achieved by approximately 2 min and an apparent equilibrium was reached after about 1 h at 0°C. The specific binding activity represented about 70% of the total binding. Addition of an excess of unlabeled NodRm factor led to the loss of specifically bound radioactivity, demonstrating that the binding was reversible. The dissociation proceeded even more rapidly. Indeed, half of the specific binding activity was lost within 30 s and a total displacement was achieved after 15 min.
The Scatchard analysis of a typical equilibrium binding experiment can be seen in Figure 2 . The non-linearity of the plot may be interpreted in two ways. Firstly, it may indicate the presence of two binding sites; a high affinity binding site with an equilibrium binding constant (K d ) of 1.9 nM and a maximal binding capacity (B max ) of 0.2 pmol per mg of protein and a lower affinity site with a K d of about 70 nM and a B max of approximately 1.3 pmol per mg of protein. (Note that the presence of the high and lower affinity binding has been confirmed in other experiments). The lower affinity binding site would thus have an affinity for NodRm close to that of NFBS1 (K d = 86 nM) . Secondly the plot could indicate negative cooperativity between a single type of binding sites. However further analysis of the kinetics of ligand dissociation is consistent with the presence of two sites and we thus favour the former interpretation. The higher affinity site, with a K d of almost two orders of magnitude lower than that of NFBS1, will be referred to as Nod factor binding site 2 (NFBS2). It is clear that the high specific activity of the 35 S-labeled ligand has enabled the identification and characterization of this site. Figure 3 shows that tetra-N-acetyl-chitotetraose is a very a The preparation of the fractions and the binding assays were as described by Bono et al. (1995) . Forty-eight micrograms of proteins was then incubated with radiolabeled ligand at a final concentration of 0.5 nM, for 1 h at 0°C. Nonspecific binding was determined in the presence of 1 µM biologically produced NodRm factor. The incubations were performed in 96-well microtiter plates (Nunc). At the end of the incubation, the samples were filtered through filtermats (1.5 µm sieve) with a Skatron Cell Harvester (Skatron Inc, Transby, Norway). Each filterdisk (9 mm diameter) was washed with 5 ml of 25 mM Tris-HCl buffer, pH 7.0, containing 1 mM CaCl 2 and 1 mM MgCl 2 , dried, transferred into scintillation vials and the radioactivity was measured by scintillation spectrometry. These conditions were used in subsequent experiments unless otherwise specified. Radioligand binding experiments were processed with the computer program EBDA (Equilibrium Binding Data Analysis, McPherson, 1985) . S-NodRm-IV(Ac,S,C16:2) and different concentrations of purified, unlabeled NodRm-IV(Ac,S,C16:2).
Fig. 3. Competitive inhibition of
35 S-NodRm-IV(Ac,S,C16:2) binding at increasing concentrations of tetra-N-acetyl-chitotetraose (black lozenges) and purified, unlabelled NodRm-IV (Ac, S,C16:2) (black squares).
poor competitor of 35 S-NodRm-IV(Ac,S,C16:2) binding since the concentration needed to inhibit 50% of the ligand binding (IC 50 ) is about a thousand-fold higher than for unlabeled NodRm factors. This result suggests that NFBS2 is specific for lipo-oligosaccharides and, in this respect, NFBS2 is different from the chitin oligomer binding sites identified in microsomes of tomato and rice cell cultures (Shibuya et al. 1993; Baureithel et al. 1994) .
To check the protease sensitivity of NFBS1 and NFBS2 in cell suspension culture extracts, aliquots of microsomes containing 48 µg of protein were incubated with 48 µg of proteinase K for 1 h at 37°C. As a control the proteinase K was previously heat denatured at 100°C for 10 min. Binding was then carried out at two concentrations of 35 S-NodRm-IV(Ac,S,C16:2), 0.5 and 10 nM. In both cases, over 95% of the specific binding activity was lost in the protease-treated samples, while controls retained 75% of the initial binding activity, thereby suggesting that both binding sites could be membrane-located, proteinaceous structures.
Nod factors have been shown to elicit biological responses at concentrations as low as 10 -11 M or 10 -13 M (Lerouge et al. 1990; Journet et al. 1994; Kurkdjian 1995; Felle et al. 1995) . A quantification of these biological responses has however only been reported once, by Felle and co-authors (1995) , who have measured the membrane depolarization of root hairs at different NodRm factor concentrations. They report half of the maximal depolarization at a NodRm concentration of 1 to 2 nM, which is similar to the K d measured for NFBS2. Such a K d value seems consistent with biological responses to NodRm factors observed at concentrations down to 10 -11 M, and one may thus speculate that NFBS2 could be involved in mediating some biological responses elicited by NodRm factors. However, in order to evaluate the potential role of this site in the symbiosis it needs to be established whether the site exists in roots. In addition, as the sulfate, O-acetate and the structure of the fatty acid of NodRm factors are important for biological activities (Ardourel et al. 1994; Journet et al. 1994 ) the specificity of the site needs to be determined.
In conclusion we present evidence for the existence of a microsomally located, protease-sensitive Nod factor binding site in Medicago cell suspension cultures (NFBS2) exhibiting a K d in the nanomolar range. This result suggests that lipooligosaccharides, like other microbial oligosaccharidic signals (Cheong and Hahn 1991; Cosio et al. 1992; Yoshikawa and Sugimoto 1993; Shibuya et al. 1993; Baureithel et al. 1994; Boller 1995; Mithöfer et al. 1996) , may be perceived by membrane-located receptor proteins. Whether the new site is important in the symbiosis however, remains to be determined.
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